Purpose: To examine the outcome of the use of donor sclera as spacer material in complicated cases of strabismus surgery. Methods: A retrospective cohort study on patients with complicated thyroidassociated ophthalmopathy (TAO) (n = 42) or congenital strabismus (n = 75). Patients underwent strabismus surgery during 1994-2014. The surgical results were evaluated in terms of the reduction in the angle of deviation, the need for reoperation, complications and patient satisfaction. Results: The majority of the TAO patients underwent surgery for vertical strabismus (n = 25). The vertical angle of deviation in the primary position was significantly reduced from a median of 23 prism dioptres (PD) to 2 PD (n = 35, p < 0.001). The horizontal angle of deviation in primary position for TAO patients with esotropia was significantly reduced, from a median of 35 PD to 2 PD (n = 17, p < 0.001). The majority of the congenital cases had horizontal strabismus (esotropia = 29, exotropia = 27). The angle of deviation in esotropia was reduced from a median of 29 PD to 8 PD (n = 36, p < 0.001) and in exotropia from 30 PD to 10 PD (n = 34, p < 0.001). Most of the patients were satisfied with the outcome of surgery, and only 12% required re-operation within 2 years. Conclusion: This is the first clinical study on the use of donor sclera as spacer material in complicated cases of strabismus surgery. The surgical results were good in terms of the reduction in the angle of deviation, the need for re-operation, complications and patient satisfaction, supporting the use of donor sclera for strabismus surgery.
Introduction
A spacer material is sometimes needed to extend the eye muscles in complicated cases of strabismus surgery. Examples of such cases are re-operation, where the muscles have already been moved so far back so that further recession is not possible, as may be the case in patients with congenital strabismus who have undergone multiple operations, or in patients with thyroidassociated ophthalmopathy (TAO) where the muscles are extremely tight and enlarged, complicating further recession or making the procedure extremely challenging due to a lack of space. Flanders (2014) described the broad spectrum of restrictive strabismus and concluded that a variety of surgical strategies could be applied. Various methods of extending tendons in cases of strabismus have been described in the literature, such as the use of suture spacers (Suh et al. 2001) , plastic implants (Dunlap 1967 ) and silicone expanders (Morales et al. 1966; Stager et al. 1999 ) (Pollard & Greenberg 2000; Wright 2000; Awadein & Gawdat 2012) , MersileneÒ implant spacers (Aggarwal et al. 1993) , Gore-Tex TM spacers (Langmann et al. 2006) , fascia lata (Salazar-Leon et al. 1998 ) (Talebnejad et al. 2008) , amnion (Frangouli & Adams 2013) (Tugcu et al. 2013) or bovine pericardium (TutopatchÒ) (van Rijn et al. 2016) . A method using a conjunctival mini-flap to correct restrictive strabismus after periocular surgery has also been described (Lee et al. 2013) , as well as hang-back sutures (Schonfeld et al. 2016) . However, several problems are associated with these techniques. MersileneÒ causes severe inflammatory reactions (Aggarwal et al. 1993 ), bovine pericardium is not a human tissue and fascia lata necessitates an extra operation on the thigh (Wheatcroft et al. 1997) . Furthermore, amnion is known to be resorbed when used as a biological bandage for corneal operation; it is used to reduce fibrosis after strabismus operation (Frangouli & Adams 2013 ), but it is not strong enough to function as a spacer in strabismus surgery where permanent structural reinforcement is needed. Donor sclera has long been used successfully as a spacer material in oculoplastic and ocular surgery (Dryden & Soll 1977; Thommy 1981; Olver et al. 1998; Guo et al. 2003) . The sclera implants have been shown to heal well, with little or no inflammatory reactions or scar formation. In 1994, we introduced the use of donor sclera as a spacer during strabismus surgery in an attempt to address the clinical problems encountered in complicated cases of strabismus surgery where a spacer material was needed. The technique was described for the first time in a recent publication (Thorisdottir et al. 2018) . Despite the fact that this surgical technique has been used routinely for many years at our department, no studies have been carried out to evaluate the results.
This study presents the first clinical evaluation of the clinical outcome in 117 patients with TAO or congenital strabismus where a spacer material was required. The patients underwent surgery at the Department of Ophthalmology at the Sk ane University Hospital in Lund, Sweden, during the period 1 January 1994 to 31 May 2014. The surgical results were evaluated in terms of the reduction in the angle of deviation, the need for reoperation, complications and patient satisfaction.
Materials and Methods

Study location
The Department of Ophthalmology in Lund is a referral centre for the southern region of Sweden with a primary catchment population of 1.3 million inhabitants, of which approximately 300 patients per year undergo strabismus surgery.
Ethics
The Regional Ethics Committee at Lund University deemed that no ethical approval was required for this retrospective study. All patients were informed of the planned use of a scleral implant and gave their consent. The study adhered to the tenets of the Declaration of Helsinki.
Patients
The indications for strabismus surgery were difficulties in social interactions, double vision and/or abnormal head posture (torticollis). The patients included in the study were those with complicated cases of congenital strabismus (n = 75) and TAO (n = 42), where adequate recession could not be achieved without the use of a spacer material. Most patients had previously undergone conventional strabismus surgery (some of them several surgeries) but still had an angle of deviation. This could not be corrected for by further surgery on the existing muscles as they had already been moved so far back so that further recession could not be performed. A small number patients with TAO had not previously undergone surgery, but had large angles of deviation and extremely tight muscles that could not be recessed sufficiently to correct the angle of deviation without the use of a spacer material. It is well-known that the ocular muscles in patients with TAO are prone to be tight, making large adjustments difficult. Furthermore, surgery can be technically challenging because of the confined space resulting from thick ocular muscles. The use of donor sclera facilitates surgery and makes the muscle more accessible if re-operation should be required. Detailed patient characteristics are given in Table 1 .
Surgical technique
The surgical technique for the insertion of donor sclera in strabismus surgery has been described recently (Thorisdottir et al. 2018) . In brief, donor sclera is obtained from the Tissue Bank of Sk ane University Hospital, Sweden, from donors screened for corneal transplants. The sclera is placed in 0.5% gentamicin (40 mg/ml) (GensumycinÒ, Sanofi AB, Stockholm, Sweden) for at least 20 min before use, after which it is cut to the appropriate size (usually the width of the muscle and the required length of the recession). During the recession, one end of the ocular muscle was detached and three 6/0 resorbable sutures (Vicryl TM , Ethicon) were sutured between the muscle and the donor sclera. The length of the donor sclera was measured and adjusted according to the planned place of attachment to the recipient's sclera, and sutured with three 6/0 resorbable sutures.
The procedure is adapted to each patient's needs. In cases of esotropia, the donor sclera was attached to the rectus medialis muscle for further recession (n = 50). In cases of exotropia, the donor sclera was attached to the rectus lateralis muscle for further recession (n = 33), and in case of vertical strabismus, the donor sclera was usually attached to the rectus inferior muscle (n = 37) for further recession, although in two patients, the donor sclera was attached to the rectus superior muscle. A typical resection or fold was often performed on the orthodox muscle, as in a normal strabismus operation. In the case of A/V phenomena, this was usually accounted for by moving the horizontal muscles upwards or downwards, and in a few cases of vertical strabismus the vertical muscles were moved laterally to minimize horizontal strabismus. Further information on the ocular muscles involved is given in Table 2 .
Surgical outcome
The vertical and horizontal angles of deviation were measured before surgery and at the orthoptist visit, 4-6 weeks after the operation. The angles of deviation were recorded in four directions of gaze (right, left, up and down), as well as in the primary position for near and far gaze. At this postoperative visit, the patients were asked how satisfied they were with the result of the operation. Their responses, (1) not satisfied, (2) moderately satisfied or (3) very satisfied, were recorded. In the need of reoperation, a cut-off point was set at 2 years postoperatively.
Calculations and statistics
The preoperative values of angle of deviation were converted into positive values for statistical analysis, while the postoperative values could have negative values if the strabismus had been overcorrected. The angle of deviation is expressed in prism dioptres (PD). The calculations and statistical analysis were performed using Microsoft Excel (Microsoft Office Professional Plus 2010) and IBM SPSS Statistics (IBM Corp. Released 2013, Version 22.0, Armonk, New York). The results are presented as the median and 25th and 75th percentiles. Data are presented in box and whisker plots in which the box is defined by the 25th and 75th percentiles, the whiskers show the minimum and maximum values, and the horizontal line indicates the median. Statistical comparisons were performed using the Wilcoxon signed-rank test. Significance was defined as p < 0.05. Patients undergoing surgery for both horizontal and vertical deviations are included in the analyses of both deviations and therefore appear twice in Table 2 and Fig. 1 .
Results
Surgical effect on the angle of deviation
The majority of the TAO patients underwent surgery for vertical strabismus (n = 25), ten for combined vertical strabismus and esotropia and seven for esotropia only. The vertical angle of deviation in the primary position was significantly reduced from a median of 23 PD to 2 PD (initial 25th and 75th percentiles 12 PD and 28 PD; final 25th and 75th percentiles 0 P and 8 PD) (n = 35, p < 0.001). The horizontal angle of deviation in the primary position for patients with esotropia was significantly reduced from a median of 35 PD to 2 PD (initial 25th and 75th percentiles 20 PD and 49 PD; final 25th and 75th percentiles 0 PD and 8.5 PD) (n = 17, p < 0.001). Table 3 and Fig. 1A, B for detailed results.
The majority of the patients with congenital strabismus underwent surgery for horizontal strabismus (29 esotropia and 27 for exotropia), 14 patients for combined vertical and horizontal strabismus (seven esotropia, seven exotropia) and five patients for vertical strabismus only. The angle of deviation in patients with esotropia was reduced from a median of 29 PD to 8 PD (initial 25th and 75th percentiles 20 PD and 39 PD; final 25th and 75th percentiles À6 PD and 16 PD) (n = 36, p < 0.001), while in patients with exotropia, the median angle of deviation was reduced from 30 PD to 10 PD (initial 25th and 75th percentiles 21.5 PD and 38 PD; final 25th and 75th percentiles 2 PD and 17 PD) (n = 34, p < 0.001). The vertical angle of deviation in the primary position in patients with childhood strabismus was reduced from a median of 14 PD to 8 PD (initial 25th and 75th percentiles 9.5 PD and 21 PD; final 25th and 75th percentiles 4 PD and 11.5 PD) (n = 18, p = 0.01) Detailed results are given in Table 3 and Fig. 1C , D, E.
Re-operation
Fourteen patients were re-operated due to a residual angle of deviation within 2 years. Six patients who had undergone surgery to correct for congenital strabismus were re-operated: three for exotropia, two for esotropia and one patient for combined vertical and horizontal strabismus. Eight patients with TAO were re-operated. Of these eight, four had undergone surgery for vertical strabismus only, three for combined vertical strabismus and esotropia and one for esotropia only. The following observations were made during reoperation. 1) The length of the implants at re-explorations was similar to the lengths at original implantation, and showed no signs of shrinkage or stretched scar.
2) The donor sclera was attached to the globe at the point of insertion and even further backwards on the patient's sclera and was therefore in close contact with the eye during eye movement.
3) The donor sclera was visible during the operation and could easily be cut from the patient's sclera under the need of further re-operation.
Complications
Only a few complications arose. One patient experienced local inflammation, and one had a conjunctival cyst associated with the anterior part of the donor sclera. Two patients experienced mechanical restriction in eye movement to both sides. In two cases, biopsies were taken for histological examination; the results showed normal inflammation, as expected during postoperative healing.
Patient satisfaction
From the 104 journals where patient satisfaction had been recorded, it was found that most of the patients were satisfied with the surgical results (n = 89): 56 (54%) were very satisfied and 33 (32%) were moderately satisfied, while 15 (14%) were not satisfied.
Discussion
The results presented in this study demonstrate that using donor sclera to extend the muscles in complicated strabismus surgery caused by TAO or congenital strabismus is effective in reducing the angle of deviation. A few reports have been published on the use of other surgical techniques and implantation materials for the extension of the ocular muscles in complicated cases of strabismus (Stager et al. 1999 ) (Langmann et al. 2006 ) (Suh et al. 2001) . Foreign materials such as Gore-Tex TM or MersileneÒ have been used, but these may cause inflammation, scar formation or fibrosis (Aggarwal et al. 1993 ) (Ugurbas et al. 2010) . Only a few complications were found in the present study when using donor sclera. Glasman et al. (2013) reported a highly significant improvement in quality-of-life scores among patients who had undergone surgery for strabismus, emphasizing the importance of being able to offer a safe, reliable and effective remedy for patients who have complicated strabismus. Fig. 1 . The angle of deviation before (unshaded) and after (shaded) strabismus surgery using donor sclera, measured in the primary position at far distance, and expressed in prism diopters (PD). Patients with TAO undergoing surgery for esotropia (A) and vertical strabismus (B). Patients with congenital strabismus undergoing surgery for exotropia (C), esotropia (D) and vertical strabismus (E).The circles and asterisks in some of the figures are outliers. Jellema et al. (2017) reported an increase in quality of life and binocular single vision after strabismus surgery; and a requirement of additional strabismus surgery in approximately 30% of the TAO patients. In our cohort, 14 patients (12%) were re-operated within the 2 years. The majority of these had large angles of deviation, and we did not expect to achieve complete correction in a single procedure. The preoperative plan was to perform multiple procedures operating on different ocular muscles on different occasions. In a few cases, the preoperative goal was not met by the first procedure, and reoperation was needed. It is well-known that the tissues are not fixed after strabismus surgery, and that the angle of deviation may vary with time (Yam et al. 2012) . It is therefore difficult to judge whether the rate of re-operation is associated with a particular surgical technique or the dynamic progression of strabismus per se. In a study by Iordanous et al. (2016) , nine TAO patients out of 27 (30%) required reoperation to obtain satisfactory ocular alignment. Mills et al. (2004) reported that re-operation was required in up to 21% of adult patients in a large study on patients with comitant strabismus, and in up to 50% of patients with TAO. Ejzenbaum reported a re-operation rate of 9.9% in a group of patients with congenital esotropia (Ejzenbaum et al. 2011) . Another study on congenital esotropia conducted over a 30-year period showed that two of three patients required second surgery up to 20 years after initial surgery; younger age at first operation and larger deviation increasing the risk of further surgery (Louwagie et al. 2009 ). In another study comparing general anaesthesia to contact topical anaesthesia, it was shown that contact topical anaesthesia provided adequate sensory block for strabismus surgery, and that it was associated with a better surgical outcome (Valles-Torres et al. 2016) . In most cases, the operations included in this study were performed under general anaesthesia, and this could have affected the results.
The advantage of donor sclera is that it is a non-synthetic material that Table 3 . The angle of deviation, expressed as the median and 25th and 75th percentiles, in prism diopters PD, before and after strabismus surgery using donor sclera in patients with thyroid-associated ophthalmopathy (TAO) and patients with congenital strabismus (i.e. esotropia, exotropia and vertical strabismus). has long been used in oculoplastic surgery, with no reported problems or adverse events (Dryden & Soll 1977; Thommy 1981; Olver et al. 1998; Guo et al. 2003) . As sclera is made up of cross-linked collagen fibres, it is a strong material in all directions, and maintains its shape over time, that is it does not stretch or shrink. Furthermore, the availability of donor sclera is good through tissue banks where both corneas and sclera's are harvested postmortem. Donor sclera is safe to use due to extensive donor screening for diseases. The only disadvantage of using donor sclera is that it is not commercially available, and tissue banks are only common at larger clinics. This study has several limitations. One is that it is a retrospective study, and not a comparative study, and we can therefore not prove superiority to other surgical techniques, such as hang-back sutures (Heede & Salchow 2014) . Bias is another limitation as the orthoptist who asked the patients how satisfied they were was a member of the care team, and this may have affected the patient's response. Another limitation is the broad clinical spectrum. The patients varied considerably regarding age, medical history and previous treatment and were therefore grouped according to the cause of strabismus, and the data analysed for both horizontal and vertical strabismus. To the best of our knowledge, no similar patient data are available for comparison as different surgeons use different techniques in complicated strabismus surgery. There is thus a need for comparative studies, in the form of prospective randomized studies in which the use of donor sclera is compared with other surgical techniques, such as hang-back sutures or implantation of other spacer materials.
In conclusion, donor sclera can be used in complicated cases of strabismus surgery, where there is a need for spacer material, especially in re-operation of congenital strabismus, where the muscles have already been moved so far back that further recession is not possible, or in patients with TAO, where the muscles are extremely tight, preventing adequate recession and making the operation challenging. The surgical results were good in terms of the reduction in the angle of deviation, the need for re-operation, complications and patient satisfaction.
